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Introduction
Mammalian coat colour depends on a large number of genetic and environ mental factors (Searle 1968) . Particular colour morphs, depending on environ mental conditions, may play different roles in populations. E.g. melanistic Sciurus carolinensis survive better under harsh climatic conditions; they have lower heat losses and lower basal metabolic rate in comparison to grey ones (Innes and Lavigne 1979) . Differences in body weight and mortality as well as in oxygen consumption rate have been observed among three coat-colour morphs of Microtus oeconomus (Krivosheev et al. 1983) . Diluting mutants connected with P and/or D series of alleles (Searle 1968 , Silvers 1979 ) may show deep morphological and/or physiological pleiotropic effects. For instance, the dilution of coat pigment in the mouse affects the inner ear, tending to remove the otoliths from the utriculus. Other diluting genes cause sterility in hamsters. Extreme dilution may be combi- 
Material and methods
The wild type of P. subterraneus in eastern Poland is black agouti. A breeding colony o f this species (here called A morph) has been kept for over 25 years in the laboratory of the Mammal Research Institute PAS at Białowieża (Buchalczyk 1961) . During that period a line of differently pigmented P. subterraneus appeared in the colony. Individuals of the line show coat color dilution, and have pink eyes (D morph). The dilution alleles affect the intensity of coat and eye colour. It is claimed (Searle 1968 ) that they do it through a clumping of pigment granules so that a black fur appears grey. Detailed genetic background of the colour dilution in P. subterraneus has not been determined yet.
Body weight of D voles is 8.5 g at 22nd day after birth, while in A voles it is 10.1 g at the same age. Some events in morphological development (e.g. separation of digits, opening o f acoustic meatus and eyes) take place about one day earlier in agouti voles than in the D morph individuals (Misiejuk 1984) . We also observed, when handling the voles, that individuals o f D morph are more agressive than the others.
The European pine voles of both morphs originated from laboratory stock and both were kept under the same laboratory conditions, i.e. Ta 18 -22°C and natural light regime. Oxygen consumption was measured in adult voles in a closed-type respirometer (Górecki 1975) . Basal metabolic rate (BMR) was measured at Ta = 30°C; before the run voles were deprived of food for two hours. Measurements lasted for 30 minutes, with the registration at every two minutes. The lowest values, not fewer than three, were taken into calculations. Resting metabolic rates (RMR) were determined during one-hour periods, and the animals were not fasted before the measurements. RMRs were run at ambient temperatures of -10°C , 0°C, 6°C, 12°C, 18°C, 24°C, and 30°C. Maximum oxygen consumption (VO2NA) was determined in non-fasted voles, after injection of noradrenaline, at ambient temperatures -10°C, 0°C, 12°C, and 24°C. Noradrenaline (NA) was injected intramuscullary in a dose according to Heldmaier's (1971) formula:
In NA (mg/kg) = 1.82 -0.458 In W, where W is body mass in g. The measurements lasted for 45 minutes with registration of oxygen consumption every 90 sec.
Regressions o f oxygen consumption versus ambient temperature were computed by the method of least squares. Regression coefficients were compared by ¿-test (Zar 1984) . The statistical significance of differences between group means were tested by ANCOVA -with two factors (RMR and VO2NA) or one (BMR) -and log/log body mass as the covariate.
Results and discussion
Basal metabolic rate Oxygen consumption rate measured under basal conditions in P. subterraneus of A morph did not statistically differ from those in the voles of D morph. When Koteja and Weiner 1993) . In melanistic Sciurus carolinensis lower BMR than in the grey morph was observed in winter, but no such differences were found between the colour morphs in summer pelage (Innes and Lavigne 1979).
Resting metabolic rate
Both morphs of P. subterraneus demonstrated different thermoregulatory re actions (Fig. 1) . The differences between the morphs depends on the temperature level. Below 18°C the metabolic rate changed sharply. The decrease of oxygen consumption between Ta 18°C and -1 0°C in the voles of A morph is 0.24 cc O2 g"1 hr"1 x deg., while it is 0.32 cc O2 g 1 hr' 1 x deg. in D morph. There are no changes in RMR among T a 18°C and 30°C in A morph, and in D morph it is 0.06 cc O2 g 1 hr"1 x deg., only. The differences in oxygen consumption between the two morphs at T a -1 0°C , 0°C, 6°C, 24°C, and 30°C, are significant, while those at T a 12° and 18°C are not.
Body temperature (Tb) in the European pine vole of the both coat-colour morphs were measured independently of RMRs runs. The Tb shows that at ambient tem perature 12°C the voles are normothermic and do not differ from the animals meas ured immediately after removing from their nest. At Ta 2°C there is a significant (p < 0.01) decrease of Tb in agouti, and even deeper (p < 0.001) in diluted morphs (Table 2) Table 2 . Body temperature (Tb) in Pitymys subterraneus of two coat-colour morphs. Body temperature was measured rectally with an electric thermo meter, with F6 probe accurate to 0.1°C. Voles were removed from their nests (nest), or after one hour at Ta 12°C (12°), or after one hour at Ta 2°C (2°). n -number of voles examined. Description of the morphs in Table 1 . In the both morphs of P. subterraneus fairly broad thermoneutral zones were found (Fig. 1) 
Maximum metabolic rate
There was no effect of ambient temperature upon the thermogenic response after NA injection in both colour morphs of the European pine voles. Maximum oxygen consumptions averaged 8.96 (± 0.87) cc O2 g '1 h r'1 in A morph, and 10.18 (± 0.97) in D morph, respectively. The difference is significant. It suggests that noradrenaline-induced heat production, being an equivalent to physiologically induced non-shivering thermogenesis (Bóckler et al. 1982), is higher in P. sub terraneus with diluted pelage than in voles having dark coat colour. Presumably non-shivering thermogenesis enhances survival in cold-acclimated mammals (Jansky 1973) , and is negatively correlated with body size (Heldmaier 1971 , Weiner 1989 ). However, both morphs of P. subterraneus were kept under the same conditions and their body mass is too small to explain the observed differences in maximal oxygen consumption (Table 3) . Therefore the diluted colour mutations in the European pine vole affects some other physiological mechanism. It might be that the same mechanism differentiates RMR of the both morphs, within thermoneutral zone as well as at low ambient temperatures, but does not affect their basal metabolism.
